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POLYPEPTIDE AND PRODUCTION THEREOF 



Field of industrial application 

The present invention relates to a polypeptide and a method for producing the polypeptide, and 
5 specifically relates to a polypeptide possessing protein disulfide isomerase activity and a method for 
producing the polypeptide. 

Brief Description of the Drawings 

10 

Fig, 1 shows schematized cleavage maps of the cDNA with restriction enzymes as cloned in pT3BP- 
1 and pT3BP-2 obtained in Reference Example 2. In Fig.1, (1) represents the cDNA as cloned in pT3BP-1 
and (2) represents the cDNA as cloned in pT3BP-2. The abbreviations A, E, H, P and S represent Aat II, 
EcoR I, Hinc II, Pvu II and Ssp I, respectively; ■ represents the portion corresponding to the amino acid 
75 sequence derived from tryptic peptide mapping for purified T3BP protein. 

Fig. 2 shows the base sequence of the cDNA as cloned in the pT3BP-2 obtained in Reference 
Example 2 and the amino acid sequence deduced from the base sequence. 
Fig. 3 shows the amino acid sequence of human PDI. 
t Fig. 4 shows a schematized cleavage map of the cDNA with restriction enzymes as cloned in pT3BP- 
20 3 obtained in Example 1. In Fig. 4, the abbreviations B, C, E, H and P represent BamH I, Cla I, EcoR I, Hind 
III and Pst I, respectively. 

Fig. 5 shows the base sequence of the cDNA as cloned in pT3BP-3 obtained in Example 1 and the 
amino acid sequence deduced from the base sequence. 

Fig. 6 shows the construction scheme for the plasmid for expression of the human PDI gene in 
25 animal ceils. 

Fig. 7 shows the results (fluorescent photomicrographs) of detection by the fluorescent antibody 
method of human PDI as synthesized in COS-7 cells into which the human PDI gene were introduced. In 
Fig. 7, (1) represents a fluorescent photomicrograph showing the morphology of the PDI gene-introduced 
cell (2) and represents a fluorescent photomicrograph of the morphology of the ceil without the gene 
30 introduction as the control. 

Fig. 8 shows the construction scheme for the plasmid for expression of the human PDI gene in 
Escherichia coii. 

Fig. 9 shows the eiution pattern of human PDI produced in Escherichia coii as obtained by the 
immunoprecipitation method. In Fig. 9, the lanes B and D correspond to DH1/pTB766 and MM294/pTB766, 
35 respectively; the lanes A and C correspond to DH1/ptrp781 and MM294/ptrp781 , respectively. 

Fig. 10 shows the construction scheme for the plasmid for expression of the human PDI gene in 
yeasts. 

Fig. 1 1 shows SDS-poiyacrylamide gel electrophoresis of PDI. Lane 1 and Lane 2 correspond to 
purified PDI and marker proteins, respectively. 
40 . Fig. 12 shows ultraviolet absorption spectrum of purified PDL 

Prior art and problems to be solved 

45 It is generally known that formation of disulfide bonds is extremely important in the retention of protein's 
configuration and the expression of its activity. In eukaryotic cells, disulfide bonds are formed in endoplas- 
mic reticula simultaneously with or immediately after protein translation [J, Biol. Chem., 257, 8847 (1982)]. 
Such disulfide bonds can also be non-enzymatically formed in vitro; however, the reaction rate is. lower 
than that in vivo, but also the conditions In vitro do not reflect those in vivo. Based on this fact, Anfinsen et 

so al. conjectured that a protein named as disulfide interchange protein would function in the formation of 
disulfide bonds in vivo [J. Biol. Chem., 238, 628 (1963)]. Although this conjecture still remains a 
hypothesis, enzymes which act on reduced and scrambled ribonucleases (both are inactive types) to 
promote the formation of true disulfide bonds for active ribonucleases, were discovered in various 
eukaryotes and purified [Biochemistry, 20, 6594 (1981); Biochem. J., 213, 225 (1983); Biochem. J., 273, 
245 (1983)]. The scrambled ribonuclease, which is prepared by reduction and re-oxidization under 
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denaturing conditions, is a mixture of various molecular species formed as a result of random recombination 
of the 4 pairs of disulfide bonds in the active ribonuclease [Biochem. J., 2/3, 235 (1983)]. The enzyme 
which converts an inactive ribonuclease to an active ribonuclease, is named protein disulfide isomerase 
(PDI, EC 5.3.4.1), and is a dimer comprising 2 identical subunits of a molecular weight of 52,000 to 62,000, 
5 its isoelectric point being 4.0 to 4.5 [Trends in Biochem. Sci., 9, 438 (1984); Methods in Enzymol., 107, 281 

(1984) ]. The already-known protein disulfide reductase (also called glutathione insulin transhydrogenase, EC 
1.8.4.2.) is thought of as identical with PDI [Eur. J. Biochem., 32, 27 (1973); Biochemistry, 74, 2115 (1975)]. 

In 1985 Edman et al. succeeded in cloning a complementary DNA of rat liver PDI and determined its 
entire base sequence [Nature, 317, 267 (1985)]. Rat liver PDI comprises 489 amino acids with a signal 

70 peptide consisting of 19 amino acids being added to its amino terminal. It also has regions homologous with 
Escherichia coli thioredoxin [Eur. J. Biochem., 6, 475 (1968); Proc. Natl. Acad. Sci. USA, 72, 2305 (1975); 
Methods in Enzymol., 107, 295 (1984)], which is known as a cofactor for various oxidation-reduction 
reactions such as ribonucleotide reductase reaction, in two sites, namely in the vicinities of the amino 
terminal and carboxyl terminal. Each region includes a homologous sequence having 2 Cys (Trp-Cys-GIy- 

75 Cys-Lys), which is considered to catalyze PDI reaction via exchange between disulfide and sulfhydryl. It has 
also recently been reported that Escherichia coli thioredoxin exhibits PDI activities in the presence of 
reduced or scrambled ribonuclease as the substrate [Proc. Natl. Acad. Sci. USA, 83, 7643 (1986)]. 

The utility of PDI may include its application to refolding of recombinant proteins produced by 
Escherichia coli Due to recent rapid progress in genetic engineering technology, mass production of 

20 eukaryotic proteins using Escherichia coli has become possible; however, the recombinant proteins thus 
obtained may lack true disulfide bonds, or may have misformed disulfide bonds [EMBO Journal, 4, 775 

(1985) ; in Genetic Engineering, Vol. 4 (edited by Williamson, R.), pp. 127 (1983)]. A refolding procedure is 
therefore required to obtain an active recombinant protein having true disulfide bonds. This procedure has 
been chemically performed by oxidation-reduction reaction using a redox buffer, etc.; however, it appears 

25 that the use of PDI, which may function in vivo, is more advantageous in specific formation of true disulfide 
bonds. The use of PDI is considered to be extremely efficient specifically for recombinant proteins having a 
large number of disulfide bonds. It is also possible to introduce the PDI-encoding gene into a transformed 
Escherichia cofiiox the reaction with the recombinant protein in the Escherichia coli cell. 

in accordance with the conventional production method for PDI, it is difficult to obtain the starting 

30 material, but also the amount of obtainable PDI is limited; therefore, it is desired that a technology enabling 
mass production of highly purified PDI will be developed. In rats and bovines, the PDI genes have already 
been cloned [Nature, 3/7, 267 (1985)]; however, no case of obtaining purified active PDI by the expression 
of the PDI gene in Escherichia coli, etc. has been reported so far. Also, no case of the cloning of PDI of an 
eukaryote other than the above-mentioned eukaryotes has been known up to now. 

35 The present inventors have made studies on the biological actions, proteochemical properties, etc. of 
the protein (T3 binding protein, hereinafter abbreviated T3BP) which binds specifically with the thyroid 
hormone T3 (3,3 ,5-triiodothyronine, hereinafter abbreviated T3). T3BP is known to be present in ceil 
membranes and cytoplasm of mammalian cells, and the T3 receptor is known to be present in cell nuclei. 
Some of the present inventors succeeded in preparing an antibody against purified T3BP as obtained from 

40 bovine liver cell membranes [Horiuchi, R. and Yamauchi, K.: in Gunma Symposia on Endocrinology, 23 - 
(Center for Academic Publication Japan, Tokyo: VNU Science Press, BV. Utrecht), pp. 149-166 (1986)], and 
have endeavored to clone the gene which encodes T3BP protein by means of various genetic engineering 
techniques, thus finding that the bovine liver T3BP f s cDNA obtained usingihe above anti-T3BP antibody as 
the probe is encoding bovine PDI protein [International Application Number: PCT/JP87/00058; filing date of 

45 the international application: January 28, 1987]. 

In general, the proteins of animals which are more closely related to humans have extremely high 
homology in amino acid sequences with the human proteins; even most of the portions of different amino 
acids are derived by one-point mutation of the codons. It is therefore inferred that the DNA sequence of the 
above-mentioned bovine T3BP (PDI) gene extremely resembles the DNA sequence of the human PDI gene. 

so The present inventors then found that human PDI is produced by cloning from human cells the human PDI 
gene using a part of the bovine PDI gene as the DNA probe, constructing a recombinant DNA containing 
said human PDI gene, and cultivating the transformant which has resulted from transformation with said 
DNA. The present inventors have made further investigations based on these findings to complete this 
invention. 

55 
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Means of solving the problems 

The present invention provides (1) a recombinant DNA containing the base sequence (I) which encodes 
the amino acid sequence of Fig. 3, (2) a transformant which has resulted from transformation with a vector 
5 carrying the base sequence (I),. (3) a polypeptide containing the amino acid sequence of Fig. 3 [hereinafter 
abbreviated human PDI or human PDI (II)], and (4) a method for producing human PDI characterized in that 
a transformant which has resulted from transformation with a vector carrying the base sequence (I) is 
cultivated to allow the transformant to produce and accumulate in the culture human PDI, which is then 
recovered. 

10 The base sequence (I) may be any base sequence, as long as it encodes the amino acid sequence of 
Fig. 3, but it is preferable that the base sequence be the base sequence from 104 (the 1st base G of the 
codon which encodes the +1 amino acid Ala) to 1573 (the 3rd base G of the codon which encodes the 
+ 490 amino acid Leu) as presented on the lower line of Fig. 5: Also preferred is the base sequence from 
104 to 1573 as presented on the lower line of Fig. 5 with a translational start codon ATG or the base 

15 sequence from 50 (the 1st base A of the codon which encodes the amino acid-18 Met) to 103 (the 3rd base 
C of the codon which encodes the amino acid -1 Asp) added thereto at a site upstream from its 5 end. 
Preferred examples also include the base sequence from 104 to 1573 as presented on the lower line of Fig. 
5 with GAC or ATG G AC added thereto at a site upstream from its 5 end, the base sequence from 107 to 
1573 as presented on the lower line of Fig. 5, and the base sequence from 107 to 1573 as presented on the 

20 lower line of Fig.5 with ATG added thereto at a site upstream from its 5' end. 

Examples of the human PDI(II) include the polypeptide represented by the amino acid sequence of Fig. 
3, the polypeptide represented by the amino acid sequence of Fig.3 with Met or the peptide represented by 
the amino acid sequence from -18 to -1 as presented on the upper line of Fig. 5 added thereto at its N- 
terminal, the polypeptide represented by the amino acid sequence of Fig. 3 with Asp or Met-Asp added 

25 thereto at its N-terminal, the polypeptide represented by the amino acid sequence of Fig. 5 with the amino 
acid + 1 Ala as presented on an upper line of Fig. 5 eliminated therefrom, and the polypeptide represented 
by the amino acid sequence of Fig. 5 with the amino acid + 1 Ala as presented on an upper line of Fig. 5 
replaced by Met. These peptides may be sugar-linked glycoproteins, and may also be fused proteins with 
other polypeptides. 

30 An expression vector carrying the base sequence which encodes the human PDI polypeptide for the 
present invention can, for example, be produced by (i) separating a mRNA which encodes human PDI, (ii) 
synthesizing from said RNA a singie-stranded complementary DNA (cDNA) and then a double-stranded 
DNA, (iii) inserting said complementary DNA in a phage or piasmid, (iv) using the obtained recombinant 
phage or piasmid to transform the host, (v) cultivating the obtained transformant, and then isolating the 

35 phage or piasmid carrying the desired DNA from the transformant by an appropriate method such as 
immunoassay using the anti-T3BP antibody, or plaque hybridization or colony hybridization using a radio- 
labeled probe, (vi) cleaving the desired cloned DNA from the phage or piasmid, and (vii) ligating said cloned 
DNA to the downstream of a promoter in a vehicle. 

The mRNA for encoding human PDI can be obtained from various human PDI-producing ceils, such as 

40 human liver cells and placenta cells. 

The methods of preparing RNA from human PDI-producing ceils include the guanidine thiocyanate 
method [Chirgwin, J. M. et al.: Biochemistry, 18, 5294 (1979)]. 

Using the RNA thus obtained as the template and reverse transcriptase, and cDNA is synthesized in 
accordance with, for example, the method of Okayama, H. et al. [Mol. Cell. Biol., 2, 161 (1982) and ibid, 3, 

45 280 (1983)] or the method of Gubler, U. and Hoffman, B.J. [Gene, 25, 263 (1983)], and the cDNA thus 
obtained is inserted in the piasmid or phage. 

As examples of plasmids to which the cDNA is inserted, there are mentioned Escherichia co//-derived 
plasmids pBR322 [Gene, 2, 95 (1977)], pBR325 [Gene, 4, 121 (1978)], pUC12 [Gene, 19, 259 (1982)], and 
pUC13 [Gene, 19, 259 (1982)], and Bacillus SLAbf/7/s-derived piasmid pUB110 [Biochem. Biophys. Res. 

so Commun., ; /2, 678 (1983)], but any other piasmid can also be used, as long as it is replicated and carried' 
by the host. As examples of phage vectors to which the cDNA is inserted, there is mentioned \gt1l 
[Young.R., and Davis, R., Proc. Natl. Acad. Sci. USA, SO, 1194 (1983)], but any other phage vector can be 
used, as long as it is capable of proliferating in the host. 

The methods of inserting the cDNA into the piasmid include the method described in Maniatis, T. et al., 

55 "Molecular Cloning", Cold Spring Harbor Laboratory, p. 239 (1982). The methods of inserting the cDNA into 
the phage vector include the method of Hyunh, T.V. et al. [DNA Cloning, A Practical Approach, /, 49 
(1985)]. The piasmid or phage vector thus obtained is then introduced into an appropriate host such as 
Escherichia coli or Bacillus sub Wis.. 
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Examples of such Escherichia co// include Escherichia coli K12 DH1 [Proc. Nati. Acad. Sci. USA, 60, 
160 (1968)], JM103 [Nucl. Acids Res., 9, 309 (1981)], JA221 [J. Moi. Biol., 120 t 517 (1978), HB101 [J. Mol. 
Biol., 47, 459 (1969)], C600 [Genetics, 39, 440 (1954)]. 

Examples of such Bacillus subtiiis include Bacillus subtiiis Ml 114 [Gene, 24, 255 (1983)] and 207-21 
5 [J. Biochem., 95, 87 (1984)]. 

The methods of transforming the host with the plasmid include the calcium chloride method and 
calcium chloride/rubidium chloride method described in Maniatis, T. et al., "Molecular Cloning", Cold Spring 
Harbor Laboratory, p. 249 (1982). Also, the phage vector can, for example, be introduced into grown 
Escherichia coii by means of the in vitro packaging method. 
10 From the transformants thus obtained, the desired clone is selected by well-known methods such as the 
colony hybridization method [Gene, 10, 63 (1980)], the plaque hybridization method [Science, 196, 180 
(1977)], and the DNA base sequence determination method [Proc. Natl. Acad. Sci. USA, 74, 560 (1977); 
Nucl. Acids. Res., 9, 309 (1981)]. 

Thus, the microorganism carrying the vector having the cloned DNA containing the base sequence 
75 which encodes human PDI is obtained. 

The plasmid pT3BP-3 carried by Escherichia coii K12 DH5a/pT38P-3 as obtained in Example 1 below 
has a DNA containing a base sequence which encodes human PDI. Fig. 4 shows cleavage sites of said 
DNA with restriction enzymes. As shown in Fig. 4, said DNA has a total length of about 2.4 Kbp, and is cut 
into fragments by the restriction enzymes BamH I, EcoR I, Cla I, Hind III, and Pst i. 
20 The plasmid or phage vector is then isolated from the microogranism. 

The methods of said isolation include the alkaline extraction method [Birmboim. H.C. et al.: Nucl. Acids 
Res., r, 1513 (1979)]. 

The above-mentioned plasmid or phage vector carrying the cloned DNA containing the base sequence 
which encodes human PDI may be used as it is, or may be used after digestion with restriction enzymes 
25 when necessary. 

The cloned gene may be ligated to a site downstream from a promoter in a suitable vehicle (vector) for 
expression to thereby give the expression vector. 

The vectors include the above-mentioned Escherichia co/Aderived plasmids (eg. pBR322, pBR325, 
pUC12, pUCl3, ptrp781). Bacillus subtilis-der'wed plasmids (e.g. pUB110, pTM5, pC194), yeast-derived 
30 plasmids (e.g. pSH19, pSH15, pGLD906, pGLD906-1, pCDX, pKSV-10), bacteriophages such as X phage, 
and animal viruses such as retroviruses and vaccinia viruses. 

Said gene may have ATG as the translations start codon at its 5 end, and may also have TAA, TGA, 
or TAG as the translational termination codon at its 3' end. For expression of said gene, a promoter is 
connected thereto at a site upstream from said gene. The promoter to be used in this invention may be any 
35 promoter that is appropriate and adapted for the host employed for the expression of said gene. 

When the host to be transformed is Escherichia coii, the trp promoter, lac promoter, rec promoter, \P L 
promoter, Ipp promoter, etc. are preferred. When the host is Bacillus subtiiis, the SP01 promoter, SP02 
promoter, penP promoter, for instance, are preferred. When the host is yeast, the PH05 promoter, PGK 
promoter, GAP (GLD) promoter, ADH promoter, etc. are preferred. In particular, it is preferable that the host 
40 is Escherichia coii and that the promoter is the trp promoter or XP L promoter. 

When the host is an animal cell, SV40-derived promoters and retrovirus promoters are usable among 
others. In particular, SV40-derived promoters are preferable. 

The thus-constructed vector carrying the DNA containing the base sequence (I) is used r to produce 
transformants. 

45 Examples of the host include prokaryotes such as Escherichia coli, Bacillus subtiiis and ac- 
tynomycetes, and eukaryotes such as yeasts, fungi and animal cells. 

Representative examples of the strains of Escherichia coli and Bacillus subtiiis are the same as those 
mentioned hereinbefore. 

Representative examples of the yeasts include Saccharomyces cerevisiae AH22, AH22R-, NA87-11A 
so and DKD-5D. 

Representative examples of the animal cells include simian COS-7 and Vero cells, Chinese hamster 
CHO cells and mouse L cells. 

The transformation of said Escherichia co// is conducted by the method described in Proc. Nati. Acad. 
Sci. USA, 69, 2110 (1972) or in Gene, 17, 107 (1982), for instance. 
55 The transformation of Bacillus subtiiis is conducted by the method described in Moiec. Gen. Genet., 
168, 111 (1979), for instance. 

The transformation of yeast is conducted by the method described in Proc. Natl. Acad. Sci. USA, 75, 
1929 (1978), for instance. 
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The transformation of animal cells is conducted by the method described in Virology, 52, 456 (1973), 
for instance. 

In this manner, transformants as transformed with vectors carrying the base sequence (i) are obtained. 
In cultivating the transformant obtained by transformation of Escherichia coli, Bacillus suhtilfs, an 
5 actynomycete, yeast or fungus as the host, a liquid medium is suitable for the cultivation, and the medium 3 
contains substances required for the growth of said transformants, for example carbon sources, nitrogen 
sources and inorganic nutrients. Glucose, dextrin, soluble starch and sucrose, for instance, may serve as 
carbon sources. The nitrogen sources may include organic or inorganic substances such as ammonium =. 
salts, nitrate salts, corn steep liquor, peptone, casein, meat extract, soybean cake and potato extract. The 
10 inorganic nutrients may include calcium chloride, sodium dihydrogen phosphate and magnesium chloride. 
The medium preferably has a pH of about 5 to 8. 

When the host is Escherichia coll M9 medium containing glucose and casamino acids (Miller: J. Exp. 
Mol. Genet, p. 431, Cold Spring Harbor Laboratory, New York, 1972), for instance, is a preferable medium 
for use. The cultivation is normally carried out at about 14 to 43* C for about 3 to 24 hours, and aeration 

rs and/or stirring may be conducted when necessary. 

When the host is Bacillus subtilis, the cultivation is normally carried out at about 30 to 40* C for about 
6 to 24 hours, and aeration and/or stirring may be conducted when necessary. 

When a transformant obtained from yeast as the host is cultivated, Burkholder's minimum medium 
[Bostian, K.L. et al.: Proc. Natl. Acad. Sci. USA, 77, 4505 (1980)] and its modified low-Pi medium [Biochem. 

20 Biophys. Res. Commun., 138, 268 (1986)], for instance, may be used as the medium. The pH of the 
medium is preferably adjusted to about 5 to 8. The cultivation is normally carried out at about 20 to 35* C 
for about 24 to 72 hours, with aeration and/or stirring when necessary. 

As the medium to be used in cultivating a transformant obtained from an animal cell as the host, there 
are mentioned, for example, MEM medium [Science, 122, 501 (1952)], DMEM medium [Virology, 8, 396 

25 (1959)3, RPMI 1640_medium [J. Am, Med. Assoc., 199, 519 (1967)] and 199 medium [Proc. Soc. Exp.. Biol. 
Med., 73, 1 (1950)], which further contain about 5 to 20% fetal calf serum. The medium preferably has a pH 
of about 6 to 8. The cultivation is normally carried out at about 30 to 40* C for about 15 to 60 hours, with 
aeration and/or stirring when necessary. 

The human PDI protein of this invention is intracellulariy or extracellularly produced and accumulated. 

30 For extracting intracellular PDI from the culture, there can be used as appropriate methods such as a 
method comprising collecting the cells by a known method after cultivation and suspending the ceils in a 
buffer containing a protein denaturant such as guanidine hydrochloride or urea or a surfactant such as 
Triton-100, followed by centrifugation to thereby give a supernatant containing the human PDI, or a method 
comprising disrupting the cells by glass beads, by treatment with ultrasonication, by treatment with an 

35 enzyme such as lysozyme or by the freeze-thawing method, followed by centrifugation to thereby give a 
supernatant containing the human PDI. 

For separating and purifying the human PDI from the supernatant or the extracellularly produced and 
accumulated human PDI, well-known methods of separation and purification may be used in appropriate 
combination. Examples of the known methods of separation and purification include methods based on 

40 differences in solubility such as salting-out and solvent precipitation; methods based mainly on differences 
in molecular weight such as dialysis, ultrafiltration, gel filtration and SDS-polyacrylamide gel electrophoresis; 
methods based on differences in charge such as ion exchange chromatography; methods based on specific 
affinity such as affinity chromatography; methods bases on differences in hydrophobicity such as reverse 
phase high performance liquid chromatography; methods based on differences in isoelectric point such as 

45 isoelectric electrophoresis; and methods based on specific adsorption such as hydroxyapatite chromatog- % 
raphy. Specifically, ion exchange chromatography with diethylaminoethyl (DEAE) cellulose, DEAE 
Toyopearl, carboxy methyl (CM) cellulose or CM Toyopearl is efficient for the purification of human PDI 
protein because said protein is thought of as an acidic protein. 5 
The activity of the human PDI protein obtained as above (PDI activity) can be determined by measuring 

so the rate of conversion of reduced and scrambled ribonucieases as the substrate to active ribonucleases 
[Biochem. J., 159, 377 (1976); Proc. Natl. Acad. Sci. USA, 83, 7643 (1986) ; Methods in Enzymology, 107, 
281 (1984); J. Biol. Chem., 234, 1512 (1959)]. 
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Action and effect 

The human PDI protein of the present invention catalyzes the exchange reaction between sulfhydryl 
and disulfide in any desired protein for formation of the most stable natural type disulfide bonds. More 

5 specifically, said protein, in the presence of dissolved oxygen, an oxidized glutathione (GSSG)-reduced 
glutathione (GSH) mixture or a reducing agent such as dithiothreitol (DTT), 2-mercaptoethanol or ascorbic 
acid, acts on a reduced protein to catalyze a reaction by which natural type disulfide bonds are formed, or 
acts on an oxidized protein having disulfide bonds, specifically non-natural type disulfide bonds to catalyze 
a reaction by which natural type disulfide bonds are re-formed. 

10 Therefore, in producing a protein having disulfide bonds in Its molecules by means of genetic 
recombination technology, specifically when the host with a recombinant DNA is a cell of a prbkaryote such 
as Escherichia coli, Bacillus subtilis, or Bacillus brevis, human PDI protein can be used to efficiently form 
natural type disulfide bonds in the relevant protein molecule. Such proteins include cytokines such as 
interferon-a, interferon-^, interferon-?, interleukin-1 , interleukin-2, B-cell growth factor (BGF), B-cell differen- 

15 tiating factor (BDF), macrophage activating factor (MAF), iymphotoxin (LT), and tumor necrosis factor (TNF); 
peptide protein hormones such as transforming growth factor (TGF), erythropoietin, epithelial eel! growth 
factor (EGF), fibroblast growth factor (FGF), insulin, and human growth hormone; pathogenic microbial 
antigen proteins such as hepatitis B virus antigens; enzymes such as peptidase and lysozyme; and blood 
protein components such as human serum albumin and immunoglobulin. 

20 Said PDI protein used for this purpose may be a purified one, or may be a partially purified one; the 
purpose can be accomplished simply by allowing said PDI protein to act directly on the above-mentioned 
intracellular^ or extraceilularly produced and accumulated desired protein or a purified standard sample 
thereof. It is also possible to conduct the reaction using a transformant which has been double infected with 
a recombinant DNA which encodes one of the above-mentioned desired proteins and the recombinant DNA 

25 which encodes said PDI protein. 

The symbols used in the specification and drawings have the meanings as mentioned in Table 1. 



30 Table 1 



PBS : Phosphate buffered saline 

DNA : Deoxyribonucleic acid 
35 cDNA : Complementary deoxyribonucleic acid 

A : Adenine 

T : Thymine - 

G : Guanine 

C : Cytosine 
40 RNA : Ribonucleic acid 

mRNA : Messenger RNA 

dATP : Deoxyadenosine triphosphate 

dTTP : Deoxythymidine triphosphate 

dGTP : Deoxyguanosine triphosphate 
45 dCTP : Deoxycytidine triphosphate 

ATP : Adenosine triphosphate 

EDTA : Ethylenediamine tetraacetic acid 

SDS : Sodium dodecyl sulfate 

Gly : Glycine 
50 Ala : Alanine 

Val : Valine 

Leu : Leucine 

lie : Isoieucine 

Ser : Serine 
55 Thr : Threonine 

Cys : Cysteine 

Met ; Methionine 

Glu : Glutamic acid 
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Asp : Aspartic acid 

Lys : Lysine 

Arg : Arginine 

His : Histidine 
5 Phe : Phenylalanine 

Tyr : Tyrosine 

Trp : Tryptophan 

Pro : Proline 

Asn : Asparagine 
10 Gin : Glutamine 

The amino acid sequence of the PDI protein of this invention may be partially (up to about 5%) 
modified (including addition, elimination, and substitution by other amino acids). 



75 Examples 



The present invention will now be described in more detail by means of the following reference 
examples and working examples, which are not to be construed as limitations on the invention. 

20 

Reference Example 1 



25 

(Preparation of bovine liver mRNA-derived cDNA library) 



30 The RNAs were extracted from a bovine liver by the guanidine isothiocyanate method [Chirgwin, J. M. 

et ah: Biochemistry, 18, 5294 (1979)1 From these RNAs, poly (A) RNA was purified by oligo dT cellulose 

column chromatography [Aviv and Leder: Proc. Natl. Acad. Sci. USA, 69, 1408 (1972)]. 

Using this poly (A) RNA as the template, the cDNA was prepared by the method of Qubler, U. and 

Hoffman, B. J. [Gene, 25, 263 (1983)]; then, an EcoR I liner was added to the above cDNA by the method 
35 of Huynh, T. V. et al. [DNA cloning I, a practical approach, /, 49 (1985)], and the cDNA was cloned to the 

EcoR I site in Xgt1 1 to thereby prepare a cDNA library. 



Reference Example 2 

40 



(Isolation of plasmid containing bovine PDI cDNA and determination of Its base sequence) 

45 t 

Escherichia col\ Y1096, after being infected with the cDNA library of \gt11 obtained in Reference 
Example 1. was spread on an L-broth soft agar plate. Upon the appearance of plaques, a nitrocellulose filter 
containing IPTG (isopropylthiogalactoside) was placed on the plate, and incubation was conducted for 3 * 
hours. The nitrocellulose filter was then separated and washed with TBS buffer (50 mM Tris, pH 7.9, 150 

so mM NaCI), after which it was dipped in a 3% gelatin solution. 

The nitrocellulose filter thus treated was immersed in a solution of antibodies against T3 binding protein 
(anti-BLT 3 R) [Horiuchi, R. and Yamauchi, K.: Gunma Symposia on Endocrinology, 23, P. 149 (1986)] for 
antigen- antibody reaction. Said filter was then washed with distilled water and TBS buffer, and then reacted 
with the secondary antibody to select the coloring positive clone \gt11 T3BP-1. The cDNA in the Xgt11 

55 T3BP-1 was cleaved with EcoR I and recloned to the- EcoR I site in the plasmid pUC19 [Gene, 33, 103 
(1985)] to thereby prepare the plasmid pT3BP-1. Using the fragment cleaved with the restriction enzymes 
EcoR I and Pvu II from the cDNA region contained in said plasmid as the DNA probe, 5 x 10 5 clones of the 
cDNA library described in Example 1 were re-screened to thereby select the positive clones. 
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From one of the clones thus obtained, namely \gt11 T3BP-2, the cDNA was cleaved with Sac l-Kpn I 
and re-cloned to the Sac !-Kpn I site in the plasmid pUC19 to thereby prepare the piasmid pT3BP-2. (The 
EcoR I recognition site in the 5 terminal side of the cDNA cloned to \gt11 T3BP-2 had been destroyed.) 

E. coli K12 DH5a was transformed with the plasmid pT3BP-2; from the resulting transformant £ coii 
5 K12 DH5a/pT3BP-2, the plasmid pT3BP-2 was extracted and purified by the alkali method [Bimboim, H. C. 
and Doly, J.: Nucl. Acids Res., //, 1513 (1979)]. The cDNA region contained in this plasmid has a total 
length of about 2.8 Kbp. Fig. 1 shows a schematized cleavage map of the cDNA region with restriction 
enzymes. 

The base sequence of this cDNA region was determined by the dideoxynucleotide chain termination 
w method [Messing, J. et aL: Nucl. Acids Res., 9, 309 (1981)]. Fig. 2 shows the amino acid sequence 
deduced from the determined base sequence. 

The amino acid sequence of said polypeptide has homology of more than 90% with that of rat PDI, but 
no homology with the amino acid sequence of thyroxine binding globulin (TBG), thyroxine binding 
prealbumin (TBPA) or C-erbA protein, all of which are capable of binding with thyroid hormone. 
15 Escherichia coli K12 DH5a/pT3BP-2, carrying the plasmid pT3BP-2, has been deposited at the 
Institute for Fermentation, Osaka (IFO) under the accession number IFO 14563, and has also been 
deposited at the Fermentation Research Institute (FRI), Agency of Industrial Science and Technology, 
Ministry of International Trade and Industry, Japan under the accession number FERM BP-1595.. 

The EcoR l-Pvu II fragment of the cDNA carried by pT3BP-1 can also be obtained by treatment of 
20 pT3BP-2 with Kpn I and Sac I followed by treatment with EcoR I and Pvu If. 



Example 1 

25 



(Isolation of plasmid containing human PDI cDNA and determination of its base sequence) 

30 A \gt11 cDNA library produced on the basis of human placental mRNA (purchased from Toyobo Co., 
Ltd., Japan), using Escherichia coli Y1096 as the host, was spread on 4 soft agar plates in an amount of 
about 1 x 10 5 clones per plate, and these were transferred to nitrocellulose filters (Millipore's HATF filters). 
The phages on these filters were then lysed with a 0.5 N NaOH solution, and the exposed and denatured 
phage DNAs were immobilized on the filters white drying (Maniatis, et aL: "Molecular Cloning", Cold Spring 

35 Harbor Laboratory, P. 320, 1982). Separately, the DNA fragment obtained by cleaving with the restriction 
enzymes EcoR I and Pvu II the cDNA portion contained in the pfasmid pT3BP-1 described in Reference 
Example 2 was labeled with 32 P by the nick translation method (Maniatis et aL: ibid, P. 109,) for use as the 
probe. 

Hybridization reaction was carried out between the labeled probe and the DNA-immobiiized filters in 10 

40 mi of a mixture containing the labeled probe, 5 x SSPE [0.9 M NaCI, 50 mM sodium phosphate buffer (pH 
7.4), 5 mM EDTA], 50% formamide, 5 x Denhardt's solution, 0.1% SDS and 100 wg/nrU denatured salmon 
sperm DNA at 42* C for 16 hours. After the reaction, the filters were washed twice with 2 x SSC (1 x SSC 
- 0.15 M NaCI, 0.01 5M sodium citrate) - 0.1% SDS solution at room temperature for 30 minutes, and 
further washed twice with 1 x SSC - 0.1% SDS solution at 68° C for 30 minutes. After the washed filters 

45 were dried, radioautograms were taken, and clones reacting with the probe were picked up. The phage DNA 
was extracted from the clone thus obtained, namely \gt11 T3BP-3, by the method of Davis et al. (Davis et 
aL: "Advanced Bacterial Genetics", Cold Spring Harbor Laboratory, 1980). The cDNA was then cut out from 
\gt11 T3BP-3 with EcoR I, and re-cloned to the EcoR I site in the plasmid pUC19 to thereby construct the 
plasmid pT3BP-3. E. coli K12 DH5a was transformed with the plasmid pT3BP-3; from the obtained 

so transformant namely £ coii K12 DH5«/pT3BP-3, the plasmid pT3BP-3 was extracted and purified by the 
alkaline extraction method [Birnboim, H. C. and Doly, J.: Nucl. Acids Res., //, 1513 (1979)]. The cDNA 
portion contained in this plasmid has a total length of about 2.4 Kbp. Fig. 4 shows a schematized cleavage 
map with restriction enzymes of the cDNA portion. 

The base sequence of this cDNA portion was determined by the dideoxynucleotide chain termination 

55 method [Messing, J. et aL: Nucl. Acids Res., 9, 309 (1981)]. Fig 5 shows the amino acid sequence deduced 
from the determined base sequence. 

The amino acid sequence of said polypeptide has homology of more than 90% with that of rat PDI, but 
no homology with the amino acid sequence of thyroxine binding globulin (TBG), thyroxine binding 
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5 



prealbumin (TBPA) or C-erbA protein, all of which are capable of binding with thyroid hormone. 

Escherichia coii K12 DH5* earring the plasmid pT3BP-3 {Escherichia coii K12 DH5a/pT3BP-3) has 
been deposited at the IFO under the accession number IFO 14610, and has also been deposited at the FRI 
under the accession number FERM BP-1841 (transferred from FERM P-9386). 



Example 2 



10 



(Construction of expression plasmid for animal cells) 

75 The DNA of the plasmid pT3BP-3 was cleaved with the restriction enzyme EcoR l t to separate the 2.4 
Kbp cDNA as shown in Fig. 4. Separately, the plasmid pTB389, which was obtained by converting the Pst I 
cleavage site in the 5 end side and BamH I cleavage site in the 3' end side in the interieukin-2 gene region 
of the plasmid pTB106 which was described in Japanese Unexamined Patent Publication No. 63282/1986 
into EcoR I sites and eliminating the interieukin-2 gene region, was cleaved with the restriction enzyme 

20 EcoR I and the phosphate group in the 5 end thereof was eliminated by alkaline phosphatase treatment 
The resulting fragment and the above cDNA were mixed and ligated together by T4 DNA ligase to thereby 
construct the plasmid pTB745 (Fig. 6). 

25 Example 3 



30 (Expression of human PDI-encoding gene in animal cells) 

Simian COS-7 cells were cultured in the manner of monolayer culture on DMEM medium containing 
10% .fetal calf serum, and the medium was then replaced with a fresh one of the same medium. Four hours 
35 after the exchange of medium, calcium phosphate gel containing 10 ug of the DNA of the plasmid pTB745 
was prepared in accordance with a known method [Graham et al.: Virology, 52, 456, (1973)] and added to 
the cells to thereby give pTB745-infected COS-7 cells. Further 4 hours later, the cells were treated with 
glycerol, and then cultivation of the pTB745-infected COS-7 cells was continued on a medium containing 
0.5% fetal calf serum. 

40 After 48 hours, the pTB745-infected COS-7 cells were fixed with PBS containing 3.5% formalin at room 
temperature for 15 minutes. The cells were treated with PBS containing 0.1% saponme at room temperature 
for 10 minutes, and then reacted with the above-mentioned anti-bovine T3BP rabbit antibody at 4* C for 2 
hours. After thoroughly washing out the unreacted antibodies with PBD, FITC-labeled anti-rabbit IgG sheep 
antibodies were reacted with the cells overnight, and the cells were observed by means of a fluorescence 

45 microscope. The results are shown in Fig. 7. Evidently stronger fluorescence was observed in the cells into 
which the human PDI gene were introduced than in the control COS cells; it was found that human PDI 
protein was synthesized in the COS cells. 

50 Example 4 



55 
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(Construction of plasmid for expression of human PDI gene in Escherichia coif) 

The plasmid pT3BP-3 obtained in Example 1 as mentioned above and containing the human PDI cDNA 
was cleaved with the restriction enzyme Ava I, to obtain a 0.85 Kbp DNA fragment containing the first half 

5 of the human PDI-encoding region. This DNA fragment was reacted with DNA polymerase (Klenow 
fragment) in the presence of dATP, dCTP, dGTP and dTTP to thereby render the Ava I cleavage sites 
blunt This DNA , fragment was ligated with phosphory fated synthetic oligonucleotides, 
5 AATTCTATGGCGC 3 and 5 GCGCCATAG 3 , in the presence of T4 DNA iigase, and cleaved with EcoRI 
and Cla I to prepare a 0.49 Kbp DNA fragment Separately, the plasmid pT3BP-3 was cieaved with Cla I 

io and Pst I to prepare a 1 .47 Kbp DNA fragment containing the second half of the PDI-encoding region. The 
DNA of the trp promoter-containing plasmid ptrp781 [Kurokawa, T. et at: Nuclei Acids Res., / /, 3077-3085 
(1983)] was cieaved with EcoR I and Pst I, to isolate and an about 3.2 Kbp DNA fragment containing the trp 
promoter, the tetracycline resistance gene and the plasmid replication origin. This 3.2 Kbp EcoR l-Pst I 
DNA fragment was ligated with the above-mentioned 0.49 Kbp EcoR l-Cla I DNA fragment containing the 

75 human PDI-encoding gene and the 1.47 Kbp Cla l-Pst I DNA fragment by T4 DNA Iigase, to construct a 
human PDI expression plasmid, pTB766 (Fig. 8). This plasmid was used to transform Escherichia coll KM 
DH1 and MM294 strains to give transformants carrying the plasmid pTB766, namely Escherichia coii K12 
DH1/pTB766 and MM294/pTB766. 

Escherichia coii K12 MM294 carrying the plasmid pTB766 (Escherichia coii MM294/pTB766) has 

20 been deposited at the IFO under the accession number IFO 14611, and has also been deposited at the FRI 
under the accession number FERM BP-1842 (transferred from FERM P-9391). Escherichia CO//K12 DH1 
carrying the plasmid ptrp781 (Escherichia coii DH1/ptrp781) has been deposited at the IFO under the 
accession number IFO 14546 and at the FRI under the accession number FERM BP-1591 (transferred from 
FERM P-9055). 

25 

Example 5 



30 

( 35 S-methionine labeling and immunoprecipitation reaction of Escherichia coii) 

Escherichia coii MM294 or DH1 carrying the expression plasmid pTB766 was cultivated in M9 medium 

35 containing 8 ug/mX tetracycline, 0.2% casamino acids and 1% glucose at 37° C. When the Klett value was 
200, IAA (30-indolylacrylic acid) was added to a concentration of 25 jLtg/ml. Two hours later, 35 S- 
methionine was added to an activity of 15 jiCi/nU, and the synthesized protein was labeled during the 
following 30 minutes. After the labeling, the cells were harvested and washed with a 0.1 5M NaCl solution 
•10% sucrose solution in 10 mM Tris-HCI, pH 8.0, of one-fifth volume to the culture medium. To this 

40 suspension were added phenyimethylsulfonyl fluoride (PMSF) to 1 mM, NaCl to 0.2 M and EDTAto 10 mM, 
and lysozyme was further added to 150 u,g/ml. After the reaction was carried out at O'C for 1 hour , the 
suspension was treated at 3t * C for 2 minutes, and then uitrasonicated for a while (about 10 seconds). The 
sonication product was centrifuged to give a cell extract. To this cell extract was added the anti-bovine 
T3BP rabbit antibody [Horiuchi, R. and Yamauchi, K.: Gunma Symposia on Endocrinology, 23, 149 (1986)], 

45 and the reaction was carried out at 4° C overnight Staphylococcal cells (Protein A) were then further added, 
and the whole mixture was allowed to stand at 0°C for 3 hours to thereby bind the antigen-antibody 
conjugate with the cells. The cells were washed repeately by centrifugation with a solution of 5 mM EDTA, 
150 mM NaCl, 0.05% Nonidet P-40 (Shell Oil) and 1 mg/mi ovalbumin in 50 mM Tris-HCI, pH 7.4, and then 
treated at 100° C for 5 minutes in an electrophoresis sample preparation solution (2% SDS, 5% 2- 

50 mercaptoethanol, 0.001% bromophenol blue and 10% glycerol in 0.0625 M Tris-HCI, pH 6.8) to thereby 
elute the conjugate. The obtained immunoprecipitate was analyzed by means of 10 to 20% gradient SDS- 
polyacrylamide gel electrophoresis, After the electrophoresis, the gel was fixed with a 50% trichloroacetic 
acid solution, and a radioautogram was taken by the fiuorography technique. From the results shown in 
Fig.9, it is evident that PDI of the expected size (about 60 kDa) was produced in either of the 2 strains 

55 carrying the expression plasmid, namely Escherichia coii DH1/pTB766 and MM294/pTB766. 
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5 

(Construction of plasmid for expression of human PDI gene in yeasts) 



The plasmid pT3BP-3 obtained in Example 1 as mentioned above and containing the human PDI cDNA 
10 was digested with the restriction enzyme Sac I and rendered blunt-ended by T4 DNA polymerase reaction. 
The Sal I linker GGTCGACC was joined to the above cleavage product. The ligation product was further 
digested with the restriction enzymes Sal I and Cla I, to prepare a 0.65 Kbp DNA fragment. Also, the DNA 
of the plasmid pTB745 described in Example 2 was digested with the restriction enzymes Sea I and Cla I, 
to isolate a 3.8 Kbp DNA fragment. Further, the DNA of the plasmid pGLD906-1 [Biochem. Biophys. Res. 
75 Commun., 138, 268 (1986)] was digested with the restriction enzymes Sal I and Sea I, to prepare a 6.2 Kbp 
DNA fragment. This DNA fragment was ligated with the above-mentioned 2 DNA fragments by means of T4 
DNA ligase, to construct a plasmid for expression in yeasts, pTB767 (Fig. 10). This plasmid was used to 
transform AH22R" strain to give a yeast strain carrying the plasmid pTB767, namely Saccharomyces 
cerevisiae AH22R"7pTB767. 
20 Saccharomyces cerevisiae AH22R- carrying the plasmid pTB767 [Saccharomyces cerevisiae 
AH22R-/pTB767) has been deposited at the IFO under the accession number IFO 10425, and has also 
been deposited at the FRI under the accession number FERM BP-1843 (transferred from FERM P-9603). 



25 Example 7 



30 ( 35 S-methioriine labeling and immunoprecipitation reaction of yeast) 



The yeast strain AH22R~ carrying the expression plasmid pTB767 was cultivated in low-Pi medium 
[Biochem. Biophys. Res. Commun., 138 t 268 (1986)] at 37' C overnight, and then 35 S-methionine was 

35 added to 20 nCi/ml to label the synthesized protein. After the labeling, the cells were harvested and 
washed with a 0.15 M NaCl solution, and 7 M guanidine hydrochloride of one-fifth volume to the culture 
medium was added. After the ceils were lysed at 0° C for 1 hour, the lysate was centrifuged at 10,000 rpm 
for 10 minutes. The resulting supernatant was dialyzed against a solution containing 10 mM Tris^HCI (pH 
8.0), 1mM EDTA, 200 mM NaC! and 1 mM PMSF to give a cell extract, to this cell extract was added the 

40 anti-bovine T3BP rabbit antibody (described in Example 5), and then the procedure described in Example 5 
was taken to give an immunoprecipitate, which was then analyzed by SDS-polyacrylamide gel elec- 
trophoresis and radioautography. As a result, there was synthesized a polypeptide specific to the yeast 
strain AH22R"/pTB767 carrying the expression plasmid; it was demonstrated that human PDI was produced 
in the yeast. 

45 The composition of the used low-Pi medium was as follows: Low-Pi medium [per 1 I] 

KCI 1.5 g 

Glucose 20 g 

Asparagine 2 g 

L-histidine 1 00 mg 
50 Kl(1mg/mi) 100 ut 

MgSCWhfeO (500 mg/10 ml) 10 ml 

CaCI 2 *2H 2 0 (330 mg/1 0ml) 1 0 ml 

Trace element solution (a) 1ml 

Vitamine solution (b) 1ml 
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Trace element; solution (a) [per 1 I] 

CuSCU«5H 2 0 40 mg 
FeSG>4.«7H 2 0 250 mg 
5 MnSO«.»4H 2 0 40 mg 

(NH03PO*«12Mo03«3H 2 O 20 mg 
ZnSO<i.«7H 2 0 310 mg 



Vitamine solution (b) [per 1 I] 

Inositol 10 g 
Thiamine 200 mg 
is Pyridoxine 200 mg 

Calcium pantothenate 200 mg 
Niacin 200 mg 
Biotin 2 mg 

20 

Example 8 



25 

(Purification of PDI derived from Escherichia coli MM294/pTB766) 

Escherichia cod MM294 carrying the expression plasmid pTB766 obtained in Example 4 was cultivated 
in 1 -liter of a medium containing 5 mg/* tetracycline, 10 g/i Bacto-trypton, 5 g/t Bacto-yeast extrafct and 5 

30 g/i NaCl at 37° C for 11 hours. The culture was then transferred to 20-liter of M-9 medium containing 2 
mg/1 vitamine Bi, 10 g/i glucose and 10 g/i casamino acids, and the culture was maintained with agitation 
and aeration at 37° C for further 9 hours. After cultivation, the cells (385 g by wet weight) were collected by 
centrifugation and stored at -80 * C until used. 

The cells (30 g by wet weight) were suspended in 150 ml of 20 mM Tris-HCi buffer (pH 7.4) containing 

35 0.15 M NaCX, 10 mM ethylenediaminetetraacetic acid (EDTA), 1 mM phenylmethylsulfonyl fluoride (PMSF), 
and 0.1 mM (p-amidinophenyl)methanesuifonyl fluoride- HCI (APMSF). The suspension was subjected to 
successive sonication (1 min x 4 times) at 0° C and centrifuged to give 156 ml of a crude extract. 

The crude extract was applied to a Cellulofine GCL-2000-sf(Seikagaku Kogyo Co., Ltd., Tokyo, Japan) 
column (6 x 102 cm, 2880 ml) which had been previously equilibrated with 10 mM sodium phosphate buffer 

40 (pH 6.8) containing 0.15 M NaCl, 1 mM CaC*2 and 0.1 mM APMSF. The column was developed with the 
same buffer and the eluates (325 ml) containing PDI were collected. 

The eluates thus obtained were applied to a hydroxyapatite (Bio-Rad, California, U.S.A.) column (1 .5 x 
14 cm, 25 ml) which had been previously equilibrated with 10 mM sodium phosphate buffer (pH 6.8) 
containing 0.145 M NaCl, 1 mM CaCk and 0.1 mM APMSF. The column was washed with the same buffer 

45 and then developed with a linear gradient of sodium phosphate concentration. The gradient was produced 
by adding 200 ml of 300 mM sodium phosphate buffer (pH 6.8) to 200 ml of 10 mM sodium phosphate 
buffer (pH 6.8). Eluates containing PDI were collected. 

The eluates were dialyzed overnight against 10 mM sodium phosphate buffer (pH 6.8) containing 0.1 
mM APMSF. The dialyzed solution was then applied to a DEAE-Toyopearl (Tosoh, Tokyo, Japan) column 

so (1.5 x 15 cm, 26.5 ml) equilibrated with the same buffer. The column was washed with the same buffer and 
then developed with a linear gradient of NaCl concentration. The gradient was produced by adding 200 ml 
of 10 mM sodium phosphate buffer (pH 6.8) containing 0.5 M NaCl and 0.1 mM APMSF to 200 ml of 10 
mM sodium phosphate buffer (pH 6.8) containing 0.1 mM APMSF. Fractions containing PDI were collected. 
The fractions containing PDI were dialyzed against 10 mM sodium phosphate buffer (pH 6.8) containing. 

55 0.1 mM APMSF. The dialyzed solution was applied to a DEAE-NPR HPLC column (Tosoh, Tokyo, Japan; 
0.46 x 3.5 cm) which had been previously equilibrated with 10 mM sodium phosphate buffer (pH 6.8) 
containing 0.09 M NaCl. Proteins were eluted by increasing the NaCl concentration from 0.09 M to 0.39 M 
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5 



10 



in a period of 30 minutes. Fractions containing PDI were collected and sterilized by filtration. Protein 
concentration, 106 ug/mJ; total volume, 17.1 ml; total protein, 1.8 mg. 

The- final- preparation thus obtained was homogeneous as judged by SDS-polyacrylamide gel elec- 
trophoresis (Fig. 11). 

Example 9 



(Alternative purification method for PDI derived from Escherichia coli MM294/pTB766) 

£ coli cells (30 g) obtained in Example 8 were suspended in 160 ml of 20 mM Tris-HC! buffer (pH 7 ; 4) 
15 containing 0.15 M NaCI, 10 mM EDTA, 1 mM PMSF and 0.1 mM APMSF. The cells were disrupted at 0° C 
for 30 minutes by glass beads with a diameter of 0.25 to 0.5 mm using a Bead-Beater (Biospec Products 
Inc., U.S.A.). The suspension was centrifuged and the supernatant fluid (84 ml) was collected. 

The supernatant fluid was successively subjected to the same purification procedures described in 
Example 8 to give a homogeneous PDI preparation. Protein concentration, 111 ug/ml; total volume, 9.0 ml; 
20 total protein, 1 .0 mg. 

Example 10 

25 

(Protein-chemical characterisations of PDI) 
30 The PDI preparation obtained in Example 8 was subjected to the following protein-chemical analyses. 

(1) Molecular weight: 

35 PDI was subjected to SDS-polyacrylamide gel electrophoresis under reducing conditions [Nature 227, 
680 (1970)] and the proteins were stained with Coomassie Brilliant Blue R-250. PDI showed a single band 
with an approximate molecular weight of 55,000 (Fig. 11). 

40 (2) Amino acid composition: 

The amino acid composition was determined on 24, 48 and 72-hour hydrolysates with 6N-HCI at 110° C 
in the presence of 4% thioglycolic acrd. Amino acid analysis was performed by the ninhydrin method in a 
Hitachi amino acid analyzer model 835. The values of Ser and Thrwere obtained by extrapolating to zero 
45 time hydrolysis, and H-Cys (half cystine) was determined as cysteic acid on a 24-hour hydrolysate after 
performic acid oxidation. The amino acid composition agreed well with that deduced from the cDNA base 
sequence as shown in Table 2. 



50 



55 
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Table 2 



10 



15 



/AMUIIU CtOlU 


iNuinijer or reoiuue& 


\/ali rc»c r*i i/^+aH frnm 

vdtuuis preuicieu rrom 




per moiecuie 


cuinm sequence 


Asp/Asn 


54.4 


57 


Thr 


21.8 


23 


Ser 


21.2 


23 


Glu/GIn 


70.7 


69 


Pro 


20.5 


21 


Gly 


29.5 


29 


Ala 


46.6 


44 


H-Cys 


5.5 


6 


Val 


31.1 


29 


Met 


4.5 


5 


lie 


21.5 


23 


Leu 


41.5 


41 


Tyr 


11.9 


12 


Phe 


34.0 


33 


Lys 


46.6 


47 


His 


11.7 


11 


Arg 


13.6 


13 


Trp 


4.5 


5 



25 



(3) Amino terminal amino acid sequence: 

30 The sequence analysis of PDI (1 02 ug; 1 .85 nmole) was performed in a gas-phase protein sequencer 
(mode! 470A, Applied Biosystems, California, U.S.A.). Phenylthiohydantoin (PTH)-amino acid was deter- 
mined by HPLC on a Micropak SP-ODS column (varian, U.S.A.). The sequence was identical with that 
deduced from cDNA up to 20 cycles as shown in Table 3. Residue numbers 8 and 13 were not identified. 

35- 



40 



45 



50 
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Table 3 



10 



15 



20 



25 



Cycle 


PTH-amino acid 


Amino acid predicted 




detected 


from cDNA sequence 




Residue 


pmole 




1 


Met 


373 


(Met) 


2 


Ala 


720 


Ala 


3 


Pro 


277 


Pro 


4 


Glu 


319 


Glu 


5 


Glu 


379 


Glu 


6 


Glu 


353 


Glu 


7 


Asp 


303 


Asp 


8 






His 


g 


vai 




Vai 


10 


Leu 


581 


Leu 


11 


Val 


333 


Vai 


12 


Leu 


638 


Leu 


13 






Arg 


14 


Lys 


227 


Lys 


15 


Set 


92 


Ser 


16 


Asn 


257 


Asn 


17 


Phe 


330 


Phe 


18 


Aia 


615 


Ala 


19 


Glu 


334 


G!u 


20 


Ala 


669 


Ala 



30 



35 



(4) Carboxyl terminal amino acid: 

The carboxyl terminal amino acid of PDl (151 ulq; 2.75 nmoles) was cleaved by hydrazinolysis [J. 
Biochem., 59, 170 (1966)] and the amino acid cleaved was determined by amino acid analysis. The 
carboxyl terminal amino acid thus determined was leucine. The recovery was 46%. 



40 



(5) Ultraviolet (UV) absorption spectrum: 

PDl showed an UV absorption spectrum with a peak absorption at 280 rtm in 10 mM sodium phosphate 
buffer (pH 6.8) (Fig. 12). 



45 



Example 1t 



50 



(Refolding of scrambled ribonuclease (RNase) by PDl) 

The enzymatic activity of PDl obtained in Example 8 was determined by its ability to refold scrambled 
RNase in the, presence of dithiothreitol (DTT). 



55 



(1) PDl: 

The homogeneous preparation obtained in Example 8 was used. 
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(2) Scrambled RNase: 

Scrambled RNase was prepared according to the method of Hilison et al. [Methods in Enzymology 107, 
281-284 (1984)] starting from bovine pancreatic RNase. 



(3) Determination of RNase activity: 

The activity of RNase was determined by the method of Kalnisky et ai. [J. Biol. Chem., 234, 1512-1516 
10 (1959)] with yeast poly RNA as substrate. 



(4) Buffers: 

15 Buffer A: 100 mM sodium phosphate buffer (pH 7.8) containing 10 mM EDTA; buffer B: 0.2 M sodium 
acetate buffer (pH 5.0); buffer C: 0.1 M sodium acetate buffer (pH 5.0). 



(5) Refolding of scrambled RNase: 

20 

A test tube containing 10 ul of PDI (111 ug/mi), 168 jllI of buffer A and 2 ul of 1 mM DTT was placed in 
a water bath of 30* C and preincubated for 5 minutes. Twenty (20) ul of scrambled RNase (0.5 mg/ml) was 
added to the test tube and the whole reaction mixture was kept at 30 ° C for 60 minutes. The reaction was 
terminated by adding 800 ul of buffer B. 

25 Refolded and active RNase formed in the reaction mixture was determined as follows: Two hundred 
(200) ul of the above reaction mixture was transferred to a centrifuge tube and preincubated at 37° C for 5 
minutes. Two hundred (200 ul of 1% yeast poly RNA which had been preincubated at 37 *C for 5 minutes 
was added to the reaction mixture in the centrifuge tube and the whole mixture was kept at 37° C for 4 
minutes. Two hundred (200) ul of 25 % perchloric acid solution containing 0.75 % uranium acetate was 

30 added to the reaction mixture and the whole mixture was incubated in a ice- water bath for 5 minutes and 
centrifuged at 16,000 rpm for 5 minutes. The supernatant fluid was diluted thirty-fold with distilled water and 
the absorbance at 260 nm was determined. 

PDI caused the refolding of scrambled RNase in the presence of 1 x 10~ 5 M DTT: About 25 % of the 
scrambled RNase was converted into an active and refolded form under the experimental conditions 

35 employed (Table 4). 

Table 4 



40 



45 



Addition 


RNase 




activity (%) 


None 


0.9 


PDI 


0.9 


DTT 


4.4 


PDI + DTT 


24.9 



50 Example 12 



55 (Refolding of scrambled recombinant interIeukin-2 (rlL-2) by PDI) 



PDI obtained in Example 8 was added to a scrambled rlL-2 solution and the refolding of scrambled rlL- 
2 was determined by the increase of IL-2 activity. 
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(1) Scrambled riL-2: 

Scrambled rlL-2 was prepared according to the method of Brawning et al. [Anal. Biochem., 755, 123- 
128 (1986)3 starting from homogeneous rlL-2 [Kato et al., Biochem. Biophys. Res. Commun., 130, 692-699 
5 (1985)]. Scrambled rlL-2 is known to possess little biological activity [Brawning et al M Anal. Biochem., 155, 
123-128 (1986)]. 



(2) Determination of IL-2 activity. 

70 

Biological activity of IL-2 was determined by the modified MTT method using mouse NKC3 cells 
reported by Tada et al. [J. Immunol. Methods, 93, 157-165 (1986)]. 



15 (3) Refolding of scrambled riL-2: 

One hundred and fifty (150) jx! of scrambled rlL-2 (200 ug/ml) was added to a test tube containing 
varying amount of PDI (final concentration of 0,0.74,1.85 and 3.70 ug/ml), 1000 n\ of 30 mM Tris-acetate 
buffer (pH 9.0), 30 ul of 1 mM DTT and distilled water in a final volume of 2850 u,i. The whole reaction 
20 mixture was incubated at 30 °C for 18 hours. IL-2 activity was determined for each tube by the modified 
MTT method. 

Native rlL-2 was increased with the increase of PDI concentration added to the reaction mixture (Table 

5). 

25 Table 5 



PDI added 


Active IL-2 


(0-g/ml) 


(ug/ml) 


0 


1.28 


0.74 


2.37 


1.85 


2.77 


3.70 


3.02 



Claims 

40 

1. A polypeptide containing the amino acid sequence of Fig. 3. 

2. A polypeptide according to claim 1, which is produced by a microorganism. 

3. A polypeptide according to claim 2, wherein the microorganism is Escherichia coll . 

4. A polypeptide according to claim 1, which has the amino acid sequence: 
45 MetAlaProGluGluGluAspHisValLeuValLeuArgLysSerAsnPheAiaGIuAla 

LeuAlaAlaHisLysTyrLeuLeuValGluPheTyrAlaProTrpCysGlyHisCysLys 
AlaLeuAIaProGluTyrAlaLysAlaAlaGlyLysLeuLysAlaGluGlySerGlulle 
ArgLeuAiaLysValAspAIaThrGluGluSerAspLeuAlaGlnGlnTyrGlyValArg 
GlyTyrProThrlleLysPhePheArgAsnGlyAspThrAlaSerProLysGluTyrThr 

so AlaGlyArgGluAlaAspAsplleVaiAsnTrpLeuLysLysArgThrGlyProAlaAla 
ThrThrLeuProAspGlyAlaAlaAlaGluSerLeuValGluSerSerGluValAlaVal 
lleGlyPhePheLysAspValGluSerAspSerAlaLysGinPheLeuGlnAlaAlaGIu 
AlalleAspAsplIeProPheGlylleThrSerAsnSerAspVaiPheSerLysTyrGIn 
LeuAspLysAspGlyValValLeuPheLysLysPheAspGiuGlyArgAsnAsnPheGlu 

55 GlyGluValThrLysGluAsnLeuLeuAspPhelleLysHisAsnGlnLeuProLeuVal 
lleGluPheThrGluGlnThrAlaProLysllePheGlyGlyGlulieLysThrHisile 
LeuLeuPheLeuProLysSerValSerAspTyrAspGlyLysLeuSerAsnPheLysThr 
AlaAlaGluSerPheLysGlyLyslieLeuPheilePhelleAspSerAspHisThrAsp 
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AsnGlnArglleLeuGluPhePheGlyLeuLysLysGluGluCysProAlaValArgLeu 

HeThrLeuGluGluGluMetThrLysTyrLysProGluSerGluGluLeuThrAlaGlu 

ArglleThrGIuPheCysHisArgPheLeuGluGlyLyslleLysProHisLeuMetSer 

GlnGluLeuProGluAspTrpAspLysGlnProValLysValLeuValGlyLysAsnPhe 

GluAspValAiaPheAspGluLysLysAsnValPheVaiGluPheTyrAlaProTrpCys 

GlyHisCysLysGlnLeuAlaProlleTrpAspLysLeuGlyGIuThrTyrLysAspHis 

GluAsnlleVailleAlaLysMetAspSerThrAlaAsnGluValGluAlaValLysVai 

HisSerPheProThrLeuLysPhePheProAlaSerAiaAspArgThrVallleAspTyr 

AsnGlyGIuArgThrLeuAspGIyPheLysLysPheLeuGluSerGIyGIyGlnAspGly 

AlaGlyAspAspAspAspLeuGluAspLeuGluGluAlaGiuGluProAspMetGluGIu 

AspAspAspGlnLysAlaValLysAspGiuLeu 

5. A recombinant DNA which contains the base sequence coding for the amino acid sequence of Fig. 3. 

6. A recombinant DNA according to claim 5, which contains the base sequence coding for the amino 
acid sequence: 

MetAlaProGluGluGluAspHisVaiLeuValLeuArgLysSerAsnPheAlaGiuAla 

LeuAlaAlaHisLysTyrLeuLeuValGluPheTyrAlaProTrpCysGlyHisCysLys 

AlaLeuAIaProGluTyrAlaLysAlaAlaGlyLysLeuLysAlaGluGlySerGiulle 

ArgLeuAlaLysVaiAspAlaThrGluGluSerAspLeuAlaGlnGlnTyrGiyValArg 

GiyTyrProThrlleLysPhePheArgAsnGlyAspThrAlaSerProLysGluTyrThr 

AlaGlyArgGluAlaAspAsplleValAsnTrpLeuLysLysArgThrGlyProAlaAia 

ThrThrLeuProAspGiyAlaAlaAiaGluSerLeuValGluSerSerGluVaiAiaVal 

HeGlyPhePheLysAspVaiGluSerAspSerAlaLysGlnPheLeuGinAlaAlaGlu 

AlalleAspAsplieProPheGiylleThrSerAsnSerAspValPheSerLysTyrGIn 

LeuAspLysAspGiyValVaiLeuPheLysLysPheAspGiuGlyArgAsnAsnPheGlu 

GlyGIuValThrLysGIuAsnLeuLeuAspPhelieLysHisAsnGlnLeuProLeuVai 

lleGluPheThrGluGlnThrAlaProLysllePheGiyGiyGiulleLysThrHislle 

LeuLeuPheLeuProLysSerValSerAspTyrAspGlyLysLeuSerAsnPheLysThr 

AlaAlaGluSerPheLysGIyLyslleLeuPhellePhelleAspSerAspHisThrAsp 

AsnGlnArgileLeuGluPhePheGlyLeuLysLysGluGluCysProAlaValArgLeu 

HeThrLeuGluGluGIuMetThrLysTyrLysProGluSerGluGluLeuThrAlaGlu 

ArglleThrGiuPheCysHisArgPheLeuG!uG!yLyslieLysProHisLeuMetSer 

GInGiuLeuProGluAspTrpAspLysGlnProVaiLysVaiLeuVaiGlyLysAsnPhe 

GiuAspValAlaPheAspGluLysLysAsnValPheVaiGluPheTyrAlaProTrpCys 

GiyHisCysLysGInLeuAlaProlleTrpAspLysLeuGIyGluThrTyrLysAspHis 

GIuAsnlleVailieAlaLysMetAspSerThrAlaAsnGluValGluAiaValLysVal 

HisSerPheProThrLeuLysPhePheProAlaSerAlaAspArgThrVailleAspTyr 

AsnGIyGluArgThrLeuAspGlyPheLysLysPheLeuGluSerGlyGIyGlnAspGly 

AlaGlyAspAspAspAspLeuGluAspLeuGluGluAlaGIuGluProAspMetGluGlu 

AspAspAspGlnLysAlaValLysAspGluLeu 

7. A recombinant DNA according to claim 5, which is a vector replicable in a microorganism which 
carries the base sequence coding for the amino acid sequence of Fig. 3. 

8. A recombinant DNA according to claim 7, wherein the microorganism is Escherichia coli . 

9. A recombinant - DNA according to claim 7, which is a piasmid carried by Escherichia coli 
MM294/pTB766 (IFO 14611, FERM BP-1842) or Saccharomyces cerevisiae AH22R-/pTB767 (IFO 10425, 
FERM BP-1843). 

10. A recombinant DNA according to claim 7, wherein the vector carries the base sequence coding for 
the amino acid sequence: 

MetAlaProGluGluGluAspHisVaiLeuValLeuArgLysSerAsnPheAIaGluAla 

LeuAlaAlaHisLysTyrLeuLeuValGluPheTyrAlaProTrpCysGlyHisCysLys 

AlaLeuAlaProGluTyrAiaLysAlaAlaGlyLysLeuLysAlaGluGlySerGlulle 

ArgLeuAlaLysValAspAlaThrGluGluSerAspLeuAlaGlnGlnTyrGlyValArg 

GlyTyrProThrlleLysPhePheArgAsnGlyAspThrAlaSerProLysGluTyrThr 

AlaGiyArgGluAlaAspAsplleVaiAsnTrpLeuLysLysArgThrGlyProAlaAla 

ThrThrLeuProAspGlyAlaAIaAiaGluSerLeuValGluSerSerGluValAlaVal 

HeGiyPhePheLysAspVaiGIuSerAspSerAlaLysGlnPheLeuGlnAlaAiaGlu 

AialleAspAsplleProPheGlylleThrSerAsnSerAspValPheSerLysTyrGIn 

LeuAspLysAspGlyValValLeuPheLysLysPheAspGluGlyArgAsnAsnPheGlu 

GlyGluValThrLysGluAsnLeuLeuAspPhelleLysHisAsnGinLeuProLeuVal 
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lleGiuPheThrQIuGlnThrAlaProLysllePheGIyQIyQiuileLysThrHislle 

LeuLeuPheLeuProLysSerValSerAspTyrAspGiyLysLeuSerAsnPheLysThr 

AlaAlaGluSerPheLysGlyLysileLeuPhellePhelleAspSerAspHisThrAsp 

AsnGlnArglleLeuGluPhePheGlyLeuLysLysGiuGluCysProAlaValArgLeu 

HeThrLeuGIuGluGluMetThrLysTyrLysProGluSerGIuGluLeuThrAlaGlu 

ArgiieThrGluPheCysHisArgPheLeuGluGlyLyslleLysProHisLeuMetSer 

GlnGIuLeuProGluAspTrpAspLysGlnProValLysVaiLeuValGlyLysAsnPhe 

GIuAspVaiAlaPheAspGluLysLysAsnValPheValGluPheTyrAlaProTrpCys 

GlyHisCysLysGInLeuAlaProlleTrpAspLysLeuGlyGiuThrTyrLysAspHis 

GluAsnlleValileAlaLysMetAspSerThrAlaAsnGluValGluAlaVaiLysVal 

HisSerPheProThrLeuLysPhePheProAlaSerAlaAspArgThrVallleAspTyr 

AsnGlyGIuArgThrLeuAspGlyPheLysLysPheLeuGIuSerGlyGlyGlnAspGly 

AlaGIyAspAspAspAspLeuGluAspLeuGiuGIuAlaGluGluProAspMetGIuGlu 

AspAspAspGlnLysAIaVaiLysAspGluLeu - 

11. A microorganism transformed with a vector replicable in said microorganism which carries the base 
sequence coding for the amino acid sequence of Fig. 3. 

12. A transformed microorganism according to claim 11, wherein the microorganism is Escherichia colL 

13. A transformed microorganism according to claim 11, which is Escherichia coii MM294/pTB766 (IFO 
14611, FERM BP-1842) or Saccharomyces cerevisiae AH22R"7pTB767 (IFO 10425, FERM BP-1843). 

14. A transformed microorganism according to" claim 11, wherein the vector carries the base sequence 
coding for the amino acid sequence: 

MetAlaProGluGluGluAspHisVaiLeuValLeuArgLysSerAsnPheAlaGIuAla 

LeuAlaAiaHisLysTyrLeuLeuValGluPheTyrAlaProTrpCysGlyHisCysLys 

AlaLeuAlaProGIuTyrAlaLysAlaAlaGIyLysLeuLysAIaGluGIySerGlulle 

ArgLeuAlaLysValAspAlaThrGIuGluSerAspLeuAlaGlnGlnTyrGlyValArg 

GlyTyrProThrlieLysPhePheArgAsnGfyAspThrAlaSerProLysGluTyrThr 

AlaGiyArgGluAlaAspAsplleValAsnTrpLeuLysLysArgThrGlyProAlaAla 

ThrThrLeuProAspGiyAlaAiaAlaGluSerLeuValGIuSerSerGiuVaiAiaVal 

HeGlyPhePheLysAspValGluSerAspSerAlaLysGlnPheLeuGlnAlaAlaGlu 

AlalleAspAspileProPheGlylleThrSerAsnSerAspValPheSerLysTyrGIn 

LeuAspLysAspGIyValValLeuPheLysLysPheAspGluGiyArgAsnAsnPheGlu 

GlyGluValThrLysGIuAsnLeuLeuAspPhelleLysHisAsnGlnLeuProLeuVal 

lleGluPheThrGluGlnThrAlaProLysliePheGlyGlyGluileLysThrHislle 

LeuLeuPheLeuProLysSerValSerAspTyrAspGIyLysLeuSerAsnPheLysThr 

AlaAlaGluSerPheLysGlyLyslleLeuPhellePhelleAspSerAspHisThrAsp 

AsnGlnArglleLeuGluPhePheGlyLeuLysLysGluGluCysProAiaVaiArgLeu 

HeThrLeuGIuGluGluMetThrLysTyrLysProG!uSerG!uG!uLeuThrAiaG!u 

ArglleThrGluPheCysHisArgPheLeuGluGiyLyslieLysProHisLeuMetSer 

GlnGluLeuProGluAspTrpAspLysGlnProVaiLysValLeuValGlyLysAsnPhe 

GluAspyalAlaPheAspGiuLysLysAsnValPheValGluPheTyrAlaProTrpCys 

GlyHisCysLysGlnLeuAlaProlleTrpAspLysLeuGlyGluThrTyrLysAspHis 

GluAsnlleVallleAlaLysMetAspSerThrAlaAsnGIuVaiGluAlaValLysVal 

HisSerPheProThrLeuLysPhePheProAlaSerAlaAspArgThrVallleAspTyr - 

AsnGlyGluArgThrLeuAspGlyPheLysLysPheLeuGluSerGlyGlyGlnAspGly 

AlaGlyAspAspAspAspLeuGluAspLeuG!uGluA!aGluGluProAspMetGluGlu 

AspAspAspGlnLysAlaVaiLysAspGluLeu 

15. A method for producing a polypeptide containing the amino acid sequence of Fig. 3, which 
comprises cultivating a microorganism transformed with a vector repiicable in said microorganism which 
carries the base sequence coding for the amino acid sequence of Fig. 3, accumulating said polypeptide in 
the culture and recovering the same. 

16. A method according to claim 15, wherein the microorganism is Escherichia coll 

17. A method according to claim 15, wherein the polypeptide has the amino acid sequence: 
MetAlaProGluGluGIuAspHisValLeuValLeuArgLysSerAsnPheAlaGluAla 
LeuAlaAlaHisLysTyrLeuLeuValGIuPheTyrAlaProTrpCysGlyHisCysLys 
AlaLeuAfaProGiuTyrAlaLysAlaAiaGlyLysLeuLysAlaGIuGlySerGIude 
ArgLeuAlaLysValAspAlaThrGluGluSerAspLeuAlaGlnGlnTyrGlyValArg 
GlyTyfProThrlleLysPhePheArgAsnGlyAspThrAlaSerProLysGluTyrThr 
AlaGlyArgGiuAlaAspAsplleValAsnTrpLeuLysLysArgThrGIyProAlaAla- 
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ThrThrLeuProAspGlyAlaAlaAlaGluSerLeuValGluSerSerGluValAiaVal 

HeGlyPhePheLysAspVaiGluSerAspSerAlaLysGlnPheLeuGlnAlaAlaGlu 

AlalleAspAsplleProPheGlylleThrSerAsnSerAspValPheSerLysTyrGIn 

LeuAspLysAspGlyValValLeuPheLysLysPheAspGluGlyArgAsnAsnPheGlu 

GlyGluValThrLysGluAsnLeuLeuAspPhelleLysHisAsnGlnLeuProLeuVai 

lleGluPheThrGluGlnThrAlaProLysliePheGlyGlyGlulleLysThrHislle 

LeuLeuPheLeuProLysSerVaiSerAspTyrAspGlyLysLeuSerAsnPheLysThr 

AlaAlaGluSerPheLysGlyLyslieLeuPheiiePhoiieAspSerAspHisThrAsp 

AsnGInArglleLeuGIuPhePheGlyLeuLysLysGluGluCysProAlaValArgLeu 

HeThrLeuGluGluGluMetThrLysTyrLysProGluSerGluGluLeuThrAlaGlu 

ArgileThrGluPheCysHisArgPheLeuGIuGIyLyslleLysProHisLeuMetSer 

GlnGluLeuProGluAspTrpAspLysGlnProValLysValLeuVaiGlyLysAsnPhe 

GluAspValAlaPheAspGluLysLysAsnValPheValGluPheTyrAlaProTrpCys 

GlyHisCysLysGinLeuAlaProlleTrpAspLysLeuGlyGIuThrTyrLysAspHis 

GluAsnlleValiieAlaLysMetAspSerThrAlaAsnGluVaiGluAlaValLysVal 

HisSerPheProThrLeuLysPhePheProAlaSerAlaAspArgThrVallleAspTyr 

AsnGlyGluArgThrLeuAspGlyPheLysLysPheLeuGluSerGlyGlyGlnAspGly 

AlaGlyAspAspAspAspLeuGluAspLeuGluGluAlaGluGluProAspMetGluGlu 

AspAspAspGlnLysAlaValLysAspGluLeu 

18. A method according to claim 15, wherein the transformed microorganism is Escherichia coli 
MM294/pTB766 (IFO 14611, FERM BP-1842) or Saccharomyces cerevisiae AH22R~/pTB767 (IFO 10425, 
FERM BP-1 843). " 

19. A method for producing a microorganism transformed with a vector replicable in said microorganism 
which carries the base sequence coding for the amino acid sequence of Fig. 3, which comprises 
transforming a microorganism with said vector. 

20. A method for producing a vector replicable in a microorganism which carries the base sequence 
coding for the amino acid sequence of Fig. 3, which comprises introducing a DNA containing the base 
sequence coding for the amino acid sequence of Fig. 3 into a vector replicable in a microorganism. 

21. A method for producing a protein of a eukaryotic organism having a natural type disulfide bond in 
its molecule, which comprises subjecting a protein of a eukaryotic organism produced from a prokaryotic 
cell, to a reaction with a polypeptide containing the amino acid sequence of Fig. 3. 

22. A method according to claim 21, wherein the reaction is carried out in the presence of a reducing 
agent 
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Fig. 1 



i£ - 



HI - 

en - 



en — 



< — 



I 



1 



UJ 



Ui 



i 



i 



I 

i 

5 J2 



I 



1 



CM 



EP 0 293 793 A2- 



Fig. 2 -Ct> 

GCGGGGGAGT6C GGGAACAAAAATATC6 
GTC AAAGCC GGATTATAGATCCCTTTGGCGTCAC CATTGC GGCAGC GTCAGAAATGCCTG 
CACTCATTATGGC GGAAGTGAC GCCCGAACGTGTGC GTCAGGTGCGC GC GCAACTGCCCG 
TCraAACMCCGTCCGCTTTGCGCCGCCGCATTTTTTTACTCGGCGCTTGATTATTATG 
ATGATTCAeCTTGTTACAGATTGCTATTGTGTGCGCGCGTCGAATGACCGTTAATATTCT 
CTGGTTTTTAAGGC GC GTTCTGTTGCC GGTTATATGTCAA GAAGGTATCTATGGGTGAGA 

TTAGTATTACCAAACTGCTGGTAGTTGCGGCGCCAACTGAAGCGCCGCGTCTGTGCCGAC 

ATGCTGCGCCGCGCTCTGCTCTGCCTGGCCCTGACCGTCCTATTCCGCGCGGGTGCCGGC 
MetLeuArgArgAl aLeuLeuCysLeuAl aLeuThrVal LeuPheArgAl aGlyAl aGly 
-20 -10 

GCCCCCGACGAGGAGGACCACGTCCTGGTGCTCCATAAGGGCAACTTCGACGAGGCGCTG 
Al aProAspGl uGl uAspHi sVal leuVal LeuHi sLysGlyAsnPheAspGl uAl aLeu 
1 10 zu 

GCGGCCCACAAGTACCTGCTGGtGGAGTTCTACGCCCCATGGTGCGGCCACTGCAAGGCT 
A"! aAl aHi sLysTyrLeuLeuYal Gl uPheTyrAl aProTrpCy sGlyHi sCysLysAl a 

30 40 

CTGGCCCCGGAGTATGCCAAAGCAGCTGGGAAGCTGAAGGCAGAAGGTTCTGAGATCAGA 
LeuAl aProGl uTyrAl alysAl aAl aGl yLysleulysAl aGl uGlySerGl ull eArg 

50 60 

CTGGCCAAGGTGGATGCCACTGAAGAGTCTGACCTGGCCCAGCAGTATGGTGTCCGAGGC 
LeuAl aLysYal AspAl aThrGl uGl uSerAspLeuAl aGl nGl nTyrGly Val ArgGly 

70 80 

TACCCCACCATCAAGTTCTTCAAGAATGGAGACACAGCTTCCCCCAAAGAGTACACAGCT 
TyrProThrlleLysPhePheLysAsnGlyAspThrAlaSerProLysGluTyrThrAla 

90 100 

GGCCGAGAAGCGGATGATATCGTGAACTGGCTGAAGAAGCGCACGGGCCCCGCTGCCAGC 
GlyArgGl uAl aAspAsp II eVal AsnTrpLeuLysLysArgThrGl yProAl aAl aSer 

. 110 . " 120 

( continued) 
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Fig. 2 -C2) 



ACGCTGTCCGACGGGGCTGCTGCAGAGGCCnGGTGGAGTCCAGTGAGGTGGCCGTCATT 
ThrLeuSerAspGlyAl aAl aAl aGl uAl aLeuYal Gl uSerSerGl uVal Al aVal II e 

L30 140 

GGCTTCTTCAAGGACATGGAGTCGGACTCCGCAAAGCAGTTCTTCTTGGCAGCA5AGGTC 
Gly PhePheLysAspMetGl uSerAspSerAl aLysGl nPheLeuLeuAl aAl aGl uVal 

150 160 

ATTGATGACATCCCCTTCGGGATCACATCTAACAGCGATGTGTTCTCCAAATACCAGCTG 
II eAspAsp II eProPheGly II eThrSerAsnSerAspVal PheSerLysTyrGI nLeu. 

170 180 

GACAAGGATGGGGTTGTCCTCTTTAAGAAGTTTGACGAAGGCCGGAACAACTTTGAGGGG 
AspLysAspGl yVal Yal LeuPheLysLysPheAspGl uGlyArgAsnAsnPheGl uGly 

190 200 



GAGGTCACCAAAGAAAAGCTTCTGGACTTCATCAAGCACAACCAGTTGCCCCTGGTCATT 
Gl uVal ThrLysGl uLysLeuleuAspPhell eLysHi sAsnGl nLeuProLeuVal II a 

210 220 

GAGTTCACCGAGCAGACAGCCCCGAAGATCTTCGGAGGGGAAATCAAGACTCACATCCTG 
Gl uPheThrGl uGl nThrAl aProLys II ePheGlyGlyGl till eLysThrHisIl eLeu. 

230 240 

CTGTTCCTGCCGAAAAGCGTGTCTGACTATGAGGGCAAGCTGAGCAACTTCAAAAAAGCG 
LeuPheLeuProlysSerVal SerAspTyrGl uGlyLysLeuSerAsnPheLysLysAl a 

250 260 

GCTGAGAGCTTCAAGGGCAAGATCCTGTTTATCTTCATCGACAGCGACCACACTGACAAC 
Al aGl uSerPheLysGlyly sll eleuPhell ePhell eAspSerAspHi sThrAspAsn 

27Q 280 

CAGCGGATCCTGGAATTCTTCGGCCTAAAGAAAGAGGAGTGCCCGGCCGTGCGCCTCATC 
Gl nArgll eLeuGl uPhePheGl yLeuLysly sGl uGl uCy sProAl aVal ArgLeuIl e 

290 . 300 

ACGCTGGAGGAGGAGATGACCAAATATAAGCCAGAGTCAGATGAGCTGACGGCAGAGAAG 
ThrLeuGl uGl uGl uMetThrLysTyrLysProGluSerAspGluLeuThrAl aGlu ^ 

ATCACCGAGTTCTGCCACCGCTTCCTGGAGGGCAAGATTAAGCCCCACCTGATGAGCCAG 
IleThrGluPheCysHi'sArgPheLeuGluGlyLysneLysProHisLeuMetSerGln 

330 340 

GAGCTGCCTGACGACTGGGACAAGCAGCCTGTCAAAGTGCTGGTTGGGAAGAACTTTGAA 
GluLeuProAspAspTrpAspLysGlnProValLysVal LeuValGlyLysAsnPheGl u 

350 360 

GAGGTTGCTTTTGATGAGAAAAAGAACGTCTTTGTAGAGTTCTATGCCCCGTGGTGCGGT 
Gl uVal Al aPheAspGl uLy sLy s AsnVal PheVal Gl uPheTyrAl aPro i rpCy sGly 

370 "jou 

CACTGCAAGCAGCTGGCCCCCATCTGGGATAAGCTGGGAGAGACGTACAAGGACCACGAG 
HisCysLysGlnLeuAlaProIleTrpAspLysLeuGlyGluThrTyrLysAspHisGlu 

390 400 

(continued) 
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Fig. 2 -C3) 



AACATAGTCATCGCCAAGATGGACTCCACGGCCAACGAGGTGGA6GCG6TGAAAGTGCAC 
AsnlleVal IleAl aly sMetAsp SerThrAl aAsnGl u Val G1 uAlaVal Ly s Val H i s 

410 420 

AGCTTCCCCACGCTCAAGTTCTTCCCCGCCAGCGCCGACAGGACGGTCATCGACTACAAT 
SerPheProThrLeulysPhePheProAl aSerAl aAspArgThrVal IT eAspTyrAsn 

430 4-40 

GGGGAGCGGACACTGGATGGTTTTAAGAAGTTCCTGGAGAGTGGTGGCCAGGATGGGGCC 
GlyGl uArgThrLeuAspGlyPheLysLysPheLeuGluSerGlyGlyGlnAspGlyAla 

450 460 

GGAGATGATGACGATCTAGAAGATCTTGAAGAAGCAGAAGAGCCTGATCTGGAGGAAGAT 
GlyAspAspAspAspLeuGl uAspleuGl uGl uAl aGl uGl uProAspLeuGl uGl uA|g 

(JATGATCAAAAAGCTGTGAAAGATGAACTGTAACACAGAGAGCCAGACCTGGGCACCAAA 
AspAspGl nLys Al aVal LysAspGl uLeu 

490 

CCCGGACCTGCCAGTGGGCTGCACACCCAGCAGCACAGCCTCCAGACGCCCGCAGACCCT 
CCCAGC GAGGGAGC GTCGATTGGAAATGCAGGGAACTTTTCTGAAGCCACACTTCACTCT 
ACCAC AC GTGC AAATCTAAAC CC GTCTTCCTTTGCTTTTCMCTTTTGGAAAAGGGTTTA 
TTTCCAGGCCAGCCCAGCCCAGCCCATCTTGGTGGGCC ITTTT V 1TTAAATC GTGATGTA 
CTTTTTTTGTACCTGGTTTTGTCCAGAGTGCTCGCTAAMTGTTTTGGACTCTCACGCTG 
GCAATGTCTCTCATTCCTGTTAGGTTTATACTATCACTTTAAAAAAATTCCGTCTGTGGG 
ATTTTTAGACATTTTTGGACGTCAGGGTGTGTGCTCCACCTTGGCCAGGCCTCCCTGGGA 
CTCCTGCCCTCTGTGGGGCAGAACCAGGCAAGGCTGGACGGGTCCCTCACCTCATGCGGT 
ATTGCCATGGTGGAGCGTGGCTCCTGCATCATTTGATTAAATGGAGACTTTCCGGTCTCT 



GTCACAGGCCGCTCCCCAACCGTGAGTGGAGGGTGTGGCTGGGCCAGGACAAGCCCAGCA 

(continued) 
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F 'g- 2 -C4> 

CTGTGCCAGGCAGAACCGGGACCCTTCGTTTCCAGGCTG6GA6ACAGCCAAGGATGCTTG 

GCCCCCTCCTTCCCCAAGCCAGGGTCCTTArTGCTCTGTGATGTCCAGGGTGGCCTGAGG 

AGCTGAATCACATGTTGACAGTTCTTCAGGCATTTCrACCACAATATTGGAATTGGACAC 
ATTGGCCAAATAAAGTTAAAATTTTCTGCCAAAAAAAAAAAA 
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Fig. 3 

1 

AlaProGluGluGluAspHisValLeuValLeuArsLysSerAsnPheAlaGluAla 
LeuAlaAlallisLysTyrLeuLeuValGluPheTyrAlaProTrpCysGlyHisCysLys 
AlaLeuAlaProGluTyrAlaLysAiaAlaGlyLysLeuLysAlaGluGlySerGluIle 
ArsLeu A ULysVa 1 Asp A laThrG 1 uG 1 uSer AspLeuA 1 aG InG 1 nTy rG 1 y Va 1 Arg 
GlyTyrProThrlleLysPhePheApsAsnGlyAspThrAlaSerProLysGluTyrThr 
AlaGlyArsGluAlaAspAspIleValAsnTrpLeuLysLysArgThrGlyProAlaALa 
ThrThrLeuProAspGlyAlaAlaAlaGluSerLeuVaiGluSerSerGluValAlaVal 
IleGIyPhePheLysAspValGluSerAspSerAlaLysGinPheLeuGlnAlaAlaGltt 
AlalleAspAsp IleProPheG ly IleThrSerAsnSerAspValPheSerLysryrG In 
LeuAspLysAspGIyValValLeuPheLysLysPheAspGiuGlyArgAsnAsnPheGlu. 
GlyGluVaLThrLysGluAsnLeuLeuAspPhelleLysHisAsnGlnLeuProLeuVal 
IleGLuPheThrGiuGlnThrAlaProLysIlePheGlyGiyGluLleLysThrHisIle 
LeuLeuPheLeuProLysSerValSerAspTyrAspGlyLysLeuSerAsnPheLysThr 
AlaAlaGIuSerPheLysGlyLysIIeLeuPhallePhelleAspSerAspHisThrAsp 
AsnGlnApglleLeuGluPhaPheGlyLauLysLysGluGiuCysProAlaValArgLeu 
IleThrLeuGIuGluGluHetThrLysTypLysProGluSerGluGluLeuThrAlaGlu 
ArgrieThrGluPheCysHisApgPheLeuGluGlyLysIleLysPpoHisLeuMetSep 
GlnGluLeuProGluAspTppAspLysGlnProValLysValLeuValGlyLysAsnPhe 
GluAspValAlaPheAspGluLysLysAsnValPheValGluPheTypAlaProTrpCys 
GlyHisCysLysGInLeuAlaPpoIleTppAspLysLeuGlyGluThpTyrLysAspHis 
GluAsnlleVallleAlaLysHetAspSepThrAlaAsnGluValGluAlaValLysVal 
HisSerPheProThrLeuLysPhePheProAlaSepAlaAspApgThrVallleAspTyp 
AsnGlyGluApgThrLeuAspGlyPheLysLysPheLeuGluSepGlyGlyGlnAspGly 
AlaG LyAspAspAspAspLeuGluAspLeuG luG luA UG luG luProAspHetG luG lu 
AspAspAspGlnLysAlaValLysAspGluLeu 
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Fig. 4 
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5 -Ct) 

10 20 30 . 40 50 60 

—15 

MetleuArg 

GAATTCGGGGCGGCGCCAACCGAAGCGCCCCGCCTGATCCGTGTCCGACATGCTGCGC 

AraAlaLe-uLeuCysLeuAlaValAlaALaLeu ValArsAlaAspAlaProG luGUG lu 
CGCGCT CTGCTGTGCCTGGCCGTGGCCGCCCTGGTGCGCGCCG ACGCCCCCGAGGAGG AG 

AspHisValLeuValLauArsLysSepAsnPheAlaGluAlaLeuAUAlaHisLysTyr 
GACCACGTCCTGGTGCTGCGG AAAAGCAACTTCGCGGAGGCGCTGGCGGCCCACAAGTAC 

LauLauValGIuPheTyrAlaPpoTrpCysGlyHisCysLysAULeuAlaPpoGiuTyir 
GTGCTGGTGGAGTTCTATGCCCCTTGGTGTGGCCACTGCAAGGCTCTGGCCCCTGAGTAT 

Alal vsAlaAlaGlyLysL8uLysAiaGluGlySerGluIle.ArgLeuAlaLysValAsp 
GCCAAAGCCGCTGGG AAGCTGA^ 

AlaThrGUGIuSerAspLeuAlaGlnGUTyrGlyVaU 

GCCACGGAGGAGTCTGACCTGGCCCAGCAGTACGGCGTGCGCGGCTATCCCACCATCAAG 

PhaPhAAreAsnGlyAspThrAlaS'erProLysGiuTyrThrAlaGlyArsGluAlaAs^ 
TTCTTCAGGAATGGAGACAC^ 

AspIleValAsnTrpLeuLysLyaArsThrGlyProAlaAUThrThrL^ 
GACATCGTGAACTGGCTGAAG AAGCGCACGGGCCCGGCTGCCACCACCCTGCCTGACGGC 

A t aA la AI aGluSerLeuVa 1 G LuSerSepGl uVal A iaVa I IieGl yPhePheLysAsPj 

i n 1 iiSaf-A<?DS*rAiaLYsG 1 nPheLeuC 1 aA 1 a A i aG I aA 1 a 1 1 eAsp Asp 1 1 eP ro 

„. r1 vT i a Tfer*^or A* nSer Asp Va I PheSerLysTyrG InLeuAspLysAspG ly V-a 1 
TTTGGGATcIc??CCAACAG^ 

ValLeuPheLysLysPheAspGluGlyApsAsnAsnPheGluGiyGluVaiThpLysGlu 
GTCCTCTTTAAGAAGTTTGATGAAGGCCGG AACAACTTTGAAGGGG 

AsnLeuLeuAspP-helleLysHIsAsnGlnLeuPpoLeuVallleGluPheThrGIuGln 
AACCTGcfGGACTTTATCAAACACAACCAGCT-GCCCC-TTGTCATCG.AGT.TCACCGAGC.flG. 

ThrALaProLysIlePheG I y G lyG I u 1 1 eLysThrH i s 1 1 eLeuLeuP heUuProLy s 
ACAGCCCCG AAGATTTTTGG AGGTG AAATCAAGACTCACATCCTG 

SerValSerAspTypAspGlyLysLeuSepAsnPheLysThpAlaAlaGluSerPheLys 
AGTGTGTCTGACTATG ACGGCAAACTG 

GtyLysIleLeuPhellePhalleAspSepAspHisThpAspAsnGlnApglleLeuGlu 
GGCAAG ATCCTGTTC ATCTTCATCG ACAGCGACCACA 

PhePheG 1 yLeuLysLysG I uG 1 uCysPpoA I a Va 1 ApsLeu 1 1 aThpLeuG luG 1 uG I u 
TTCTTf GGCcf G AAG AAGG AAG AGTGCC 

HetThrLysTyrLysPpoGluSepGluGluLeuThpAlaGluApsIleThpGluPheCys 
ATGACCAAGTACAAGM 

(continued) 
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Fig. 5 -(2) 



H isApgPheLeuG I uG ly Lysl ULysPpoH rsLeuMetSerG InGluLeuProGluAsp 
CACCGCTTCCTGGAGGGCAAAATCAAGCCCCACCTGATG AGCCAGG AGCTGCCGGAGG AC 

TrpAspLysG 1 nProVa I Ly sVa I Leu Va I G ly Lys AsnPheG I u Asp Va 1 A laPheAsp 
TGGGACAAGCAGCCTGTCA AGGTGCTTGTTGGGAAGAACTTTGAAGACGTGGCTTTTGAT 

GluLysLysAsnVa IPheVa IG 1 uPheTy r A 1 aProTrpCysG I y It i sCysLysG I nLeu 
GAG AAAAAAAACGTCTTTGTGGAGTTCTA.TGCCCCATGGTGTGGTCACTGCAAACAGTTG 

AlaProIleTrpAspLysLeuGlyGluThrTyrLysAspHisGluAsnlleVa I II e A 1 a 
GCTCCCATTTGGGATAAACTGGGAG AGACGTACAAGGACCATGAG AACATCGTCATCGCC 

LysMetAspSerThrAlaAsnGUValGUAlaVatLysVaLHisSerPheProThrLeu 
AAGATGGACTCGACTGCCAACG AGGTGGAGGCCGTCAAAGTGCACAGCTTCCCCACACTC 

LysPhePheProAlaSerAlaAspArsThpVaLUeAspTyrAsnGlyGluApsThpLeu 
AAGTTC-TTTCCTGCCAGTGCCGACAGGACGGTCATTGATTACAACGGGGAACGCACGCTG 

AspG lyPheLysLysPheLeuGl uSepG 1 yG 1 yG InAspG lyA laGlyAsp Asp-Asp Aspi 
GATGGTTTTAAGAAATTCCTGGAGAGCGGTGGCCAGGATGGGGCAGGGGATGATGACGAT 

LeuGluAspLeuGLuGluAIaGtuGUPpoAspMetGluGluAspAspAspGtnLysAla 
CTCGAGGACCTGGAAGAAGCAGAGGAGCCAGACATGGAGGAAGACGATGATCAGAAAGCT 

490 

GTGAMGATGAACTGTAATACGCAAAGCC 

CTGCACACCCAGCAGCAGCGCACGCCTCCG AAGCCTGCGGCCTCGCTTGAAGGAGGGCGT 
CGCCGGAAACCCAGGGAACCTCTCTGAAGTGACACCTCACCCCTACACACCGTGCGTTCA 
CCCCCGTCTCTTCCTTCTGCTTTTCGGTTTTTGGAAAGGGATCCATCTCCAGGCAGCCCA 
CCCTGGTGGGGCTTGTTTCCTGAAACCATGATGTACTTTTTCATACATGAGTCTGTCCAG 
AGTGCTTGCTACCGTGTTCGG AGTCTCGCTGCCTCCCTCCCGCGGG AGGTTTCTCCTCTT 
• TTTGAAAATTCCGTCTGTGGG ATTT.TTAGACATTTTTGGACATCAGGGTATTTGTTCCAC 
CTTGGCCAGGCCTCCTCGGAG AAGCTTGTCCCCCGTGTGGG AGGG ACGGAGCCGG ACTGG 
ACATGGTCACTCAGTACCGCCTGCAGTGTCGCCATG ACTGATCATGGCTCTTGCATTTTT 
GGGTAAATGG AGACTTCCGG ATCCTGTCAGGGTGTCCCCCATGCCTGG AAG AGGAGCTGG 
TGGCTGCCAGCCCTGGGGCCCGGCACAGGCCTGGG.CCTTCCCCTTCCCTCAAGCCAGGGC 
TCCTCCTCCTGTCGTGGGCTCATTGTGACCACTGGCCTCTCTACAGCACGGCCTGTGGCC 
TGTTCA AGGCAGAACCACG ACCCTTGACTCCCGGGTGGGG AGGTGGCCAAGGATGCTGGA 
GCTG AATCAGACGCTGACAGTTCTTCAGGCATTTCTATTTCAC AATCG AATTG AACAC AT 
TGGCC AAATAAAGTTG AAATTTTACCACCAAAAAAAAAAAAAAAA A 
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Fig. 6 



Clol HindE 
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Fig. 7 
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Fig. 8 



EcoRI 



EcoRI 



Xhol 




EcoRI 



Cial.PstI 
digestion 




^ Aval digestion 
0.85 kb 



DNA- polymerase ^ 
ligation of synthetic adapter 
t. EcoRI, Cial digestion 

0.4^kfe 
l — 



47kfr / EcoRI, PstI digestion 



T4 ONA ligase* 



Pstr 



EcoRI 



PstI 




* synthetic adapter 



5 'a attctatggcgc 3 ' 
3 'g ataccgcg 5 ' 
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Fig. 9 
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BamHI 



Sad digestion 
T4 polymerase 
Sail linker 
Sall-ClaT digestion 

Scal-CIal digestion Sall-Scal digestion 

O.SSkbpDNA 3.8 kbpDNA 6.2 kbpDNA 



T4 ligase 



EcaRI 




EcoRI Sail 
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rg. 1 1 
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